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ABSTRACT
Glucocorticoids are a class ofsteroid hormones, which can act on almost all
cells in vertebrate tissue through binding to glucocorticoid receptor. Cortisol, which
falls into this class, is released in response to stress and provides our bodies with
the necessary energy to cope with a wide variety of stressors. This function of
cortisol is brought about through its action on numerous metabolic and
immunological pathways. However,when cortisol levels remain elevated for
extended periods of time, many ofthese acute effects of cortisol can bring about
long-term health problems,including many associated with metabolic S5mdrome,
such as obesity and diabetes. Through the use of animal studies in societies with
hierarchical structures, primarily studies focusing on wild baboons,researchers
have shown that stress and cortisol levels vary among individuals living in different
levels ofthe social hierarchy, which is a result ofthe different degrees of
psychosocial stressors experienced by individuals of various social ranks. Because
most modern societies exhibit some form of a social hierarchy,it becomes important
to examine the possibility of applying these animal studies to human models. For
this, the attention turns to Mississippi, a state that exhibits many ofthe adverse
health effects commonly associated with elevated cortisol levels more so than any
other. In addition to displaying these adverse health effects, Mississippi also
possibly experiences many known psychosocial stressors,such as socioeconomic
status, access to healthcare,and racial discrimination,to a greater extent than any
other state. These same discrepancies in public health and psychosocial stressors
can be seen across international lines,such as between the United States and
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France. The correlation between cortisol levels and the high prevalence of
metabolic syndrome could provide a possible link between psychosocial stress in
societies with hierarchical structures and the public health discrepancies seen in
both Mississippi and the United States.
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Chapter 1
Introduction

In the early morning hours of January 17,1995,the Great Hanshin
earthquake devastated the Hanshin-Awaji area of Japan,killing more than 6,000
people and relocating more than 300,000 others. During the next two months,local
hospitals reported three times the number of cases of peptic ulcers than those seen
during the same time frame the previous year. Needless to say, having to relocate
one's entire family can result in an enormous amounts of stress,and only a little
more than a decade prior to the earthquake,stress would have been deemed the
primary cause for this outbreak in ulcers. However,the 1984 discoveries made by
Australian physician Barry Marshall would demonstrate that in fact the bacterium
Helicobacter pylori is the primary cause of most peptic ulcers,an achievement for
which Marshall would receive the Nobel Prize more than twenty years later. The
discoveries made by Marshall then beg the question of why would an increase in H.
pylori occur in the guts of individuals following an earthquake. While there can be
multiple causes for outbreaks of numerous species of bacteria following natural
disasters, the connection between H. pylori and peptic ulcers is not so simple. It is
true that H. pylori can be found in the guts ofthe majority of individuals suffering
from peptic ulcers, but H. pylori can also be found in "half of Americans over the age

1

of60 and 90% of all African adults, most of which will never develop an ulcer. On
the other hand,one in four individuals suffering from ulcers have never had a
Helicobacter infection, confirming that the ulcer story is larger than just H. pylori'
(Levenstein 2). The intention of the previous information is not to prove or disprove
any proposed cause or mechanism of ulcer development,but rather the point is
simply to demonstrate that stress does indeed produce numerous physiological
changes in the human body,and the mechanism by which stress brings about these
changes is the glucocorticoid cortisol.
Such a case where an ulcer develops in the absence of H. pylori can be seen in
the story of a forty-seven year old Japanese man who endured a life threatening
event similar to the one those individuals faced during the Great Hanshin
earthquake. The man previously suffered from peptic ulcers but underwent H.
pylori eradication therapy two years prior to his traumatic event and had been
taking an H2 blocker ever since to prevent reoccurrence. Three days before being
hospitalized,"he had been involved in a life-threatening accident in which his boat
was overturned,and he almost drowned. Afterward, he was too agitated to sleep for
three days"[Moriya 1]. Following hospitalization, physicians discovered that a
peptic ulcer had developed in the patient's stomach,for which he received
treatment. A rapid urease test, histology, and bacteriology exams all 5delded
negative results for H. pylori prior to treatment. It was speculated "that this strong
emotional stress induced the recurrence of hemorrhagic gastric ulcer, even though
he had been under maintenance therapy with H2 blockade after successful H. pylori
eradication"(Moriya 1).
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Based on the fact that not all individuals who have H. pylori infections
develop ulcers and case studies such as the one ofthe Japanese male,it becomes
clear that some additional factors must contribute to the development of ulcers
short ofjust a bacterial infection. Marshall even advised against overstating his
discovery due to the fact that he himself ingested a sample of live H. pylori and only
observed inflammation in his own stomach,not an actual ulcer. According to the
criteria set forth by the microbiologist Robert Koch for determining whether or not
an infectious agent is the cause of a disease, which states that the bacteria in
question must be present in sick organisms but absent in healthy organisms, H.
pylori can not be definitively designated as the cause of ulcers. However,it is also
equally important to not overestimate the role stress plays in the development of
ulcers. Evidence shows that stress increases the acidity of the stomach,which
creates a favorable environment for H. pylori, and slows the body's wound healing
abilities.

Despite the fact that these cases describe stress that resulted from
catastrophic events,this is not always the case. Stress is present in the lives of
every individual on a daily basis. This stress experienced by so many has been
termed psychosocial stress, which "results when we look at a perceived threat in
our lives (real or imagined),and discern that it may require resources we do not
have"(Scott 1). Numerous factors contribute to the onset of psychosocial stress
including socioeconomic status,social interactions, one's job,and multiple other
factors. Examples of psychosocial stress and its effects can be seen in common
everyday events,such as the fact that "air traffic controllers, especially those who
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work at busy airports where the danger of collisions is greatest, are more likely to
suffer from ulcers or diabetes"(Carlson 603), or findings showing that"medical
students were more likely to contract acute infections and to show evidence of the
suppression of the immune system during the time that final examinations were
given"(Carlson 610]. As will be demonstrated in the following chapters,the
development of diabetes and suppression ofthe immune system are only two of the
many known effects of cortisol.

Cortisol is known to help prepare the body for a fight-or-flight response in
times of stress, during which the energy needs of the body drastically change as
opposed to times of rest. While such metabolic changes are of particular interest to
a gazelle being pursued by a lion on the Serengeti,they can be potentially harmful to
humans,where such metabolic needs are usually nowhere close to being the
difference in a potential life or death situation. Long term exposure to high levels of
cortisol actually can lead to many of the symptoms commonly associated with
metabolic syndrome,including obesity, diabetes,and cardiovascular disease, in
addition to causing many other adverse health effects. With the known adverse
effects of cortisol in mind,the attention then turns to the state of Mississippi. Based
on 2011 data from the United Health Foundation, Mississippi displayed a higher
level of obesity than any other state, with 34.5% of the population estimated as
being obese,and the state has remained in this position for the past ten years.
Similarly, Mississippi ranked near the bottom in diabetes,coming in at 49* with
12.4% of population having been told by a physician that they have diabetes. This
trend only continues across numerous other public health categories with
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Mississippi ranking in the bottom five states for cardiovascular deaths,infant
mortality, preventable hospitalizations, premature deaths, and others.

Much in the way Mississippi ranks at or near the bottom in public health
categories, the state likewise ranks towards the bottom in numerous financial and
educational categories. According to estimates in The 2012 Statistical Abstract
released by the United States Census Bureau,21.2% of the population in Mississippi
currently lives below poverty level, the highest of any state,and Mississippi's
median annual household income is $37,700,the lowest of any state, while having
the nation's fourth highest unemployment rate. In 2011, Mississippi ranked 48^
overall based on scores on the National Assessment of Educational Progress[NAEP)
while having the lowest percentage of eighth grade students scoring proficient or
higher on the NAEP reading exam of any state. Needless to say,low income and
poor educational opportunities can serve as a source of stress for individuals and
families alike, and while rattling off so many statistics may seem monotonous,they
serve to demonstrate a possible link between the public health problems facing
Mississippi and the economic and educational discrepancies seen within the state.
Such statistics also fail to take into account another possible source of stress, one
which is much more difficult to assign a numeric value to, and that is the social strife
faced by numerous individuals in the state. Mississippi's history has been marred
by racial and social injustices, and while racial inequalities have vastly improved
since the Civil Rights Era,to say such prejudices have disappeared entirely would be
ignorant The issue of race and other social tensions must be taken into
consideration when contemplating the stress present in the lives of certain
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individuals, especially when focusing on the state with the largest African American
population percentage in the nation.

Not only is Mississippi facing a health crisis, but the entire nation also faces
difficulties with regards to the areas of obesity, diabetes,and public health,albeit to
a somewhat lesser degree. Forbes magazine, which recently released data to
determine the world's fattest nation,found the United States to be the ninth fattest
country with other countries such as the United Kingdom,Canada,and France
coming in at 28^,35*,and 128* respectively. While poor diet and an increasingly
sedentary lifestyle obviously contribute to these statistics, certain other factors
could be contributing to the fact that the United States is within the top ten while
France is safely outside of the top one hundred fattest countries. One possibility is
that certain societal differences could be causing varying degrees of stress in the
lives of the two nations' citizens and therefore, only exacerbating the differences
between the countries' obesity levels, despite them being relatively similar in terms
of being developed nations. While numerous factors play a role in a person's well
being,stress could be more to blame than previously thought.

This document will discuss the physiological effects ofthe stress hormone
cortisol along with the effects oflong-term cortisol elevation on one's health. The
attention will then turn to the correlation between cortisol levels and one's position
in the social hierarchy. Finally,these correlational studies will be used to possibly
explain the relationship between stress and certain health problems facing both
Mississippi and the United States.

6

Chapter 2

Biochemistry and Physiology of Cortisol

In order to fully understand the effects stress can have on a person's health,
one must first understand the biochemical and physiological underpinnings for such
effects. One of the body's primary responses to stress is causing the release of
cortisol, a glucocorticoid. Glucocorticoids are a class of steroid hormones,of which
cortisol is the main component,accounting for approximately 95% of glucocorticoid
activity in humans. This particular class of hormones derives its name from the fact
that they function in glucose metabolism,are formed in the adrenal cortex, and
possess a classic steroidal structure.

The Glucocorticoid Receptor

While the structures of glucocorticoids themselves vary,they all act on the
same protein target, aptly named glucocorticoid receptor. Prior to binding a
glucocorticoid, the inactive glucocorticoid receptor exists in the cytoplasm as an
intracellular complex composed of various regulatory proteins,such as Heat Shock
Protein-90 and p23. Glucocorticoids enter the cell by diffusing through plasma
membrane where they then selectively bind to glucocorticoid receptor. The
glucocorticoid receptor then is released from the regulatory complex, becoming
active, and forms a dimer with another active receptor. As shown in Figure 2.1,the
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Figure 2.1 GiucocortiCGid Receptor Signaling. Schematic showing glucocorticoid receptor(GR]
dimer formation following activation by a glucocorticoid (GC). Active GR dimer moves to nucleus
where it binds to DNA,altering transcriptional output of various gene targets.
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dimer then “translocates to the nucleus where it positively and negatively
modulates gene expression through diverse mechanisms" (SABiosciences 1). While
the receptor pathway may not seem of vast importance to someone concerned with
the overall role stress plays in one's health,its importance grows immensely when
faced with the fact that there are no known human cells lacking glucocorticoid
receptor, and "because hormones have very high affinity for their receptors, very
low concentrations of hormones(nanomolar or less) are sufficient to produce
responses in target tissues"(Nelson 359). These facts alone suggest that cortisol
can affect the body in numerous ways.

The Structure of Cortisol

As previously stated, all glucocorticoids act on the same receptor but possess
differing structures with the exception of one characteristic. All glucocorticoids
display the classic four-ring sterol structure,three six-membered rings and one fivemembered ring, seen in all steroid hormones. Cortisol, whose structure can be seen
in Figure 2.2, has multiple hydroxyls hanging off ofthe core structure and has the
lUPAC name (lip)-ll,17,21-trihydrox5qDregn-4-ene-3,20-dione.
CH2OH

c=o
H3C
HO

OH

H3C

Figure 2.2 Structure of Cortisol. Model showing the classic four-ring sterol structure of cortisol.
Cortisol’s overall hydrophobic nature allows for diffusion through the plasma membrane.
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Cortisol begins its journey in the adrenal cortex, the outermost portion of the
adrenal gland, where it is synthesized and released in response to a variety of
stressors such as anxiety, fear, pain, hemorrhage, infection, low blood glucose, and
starvation. To be even more specific, the biosynthesis of cortisol occurs in the zona
fasciculata of the adrenal cortex and begins with the removal of "the side chain from
the D ring, the five membered ring, of cholesterol and the introduction of oxygen to
form keto and hydroxyl groups" (Nelson 908). Progesterone serves as the
intermediate in cortisol synthesis, and the entire path from cholesterol to
progesterone to cortisol requires the activity of numerous enz3mies. The regulation
of this process and the ultimate release of cortisol require input from both the
central nervous system and upstream endocrine regulators. Internal and external
messages into the central nervous system, such as fear or hunger, relay signals to
the hypothalamus, which serves as the coordination center of the endocrine system.
Following such input, the hypothalamus releases corticotropin-releasing hormone,
which passes into the anterior pituitary stimulating the release of
adrenocorticotropic hormone (ACTH). ACTH then "travels to the zona fasciculata of
the adrenal cortex and triggers the release of cortisol" (Nelson 910). Another
important feature of the hormonal cascade is the fact that it is subject to feedback
inhibition. In this case, cortisol regulates its own production through inhibiting the
actions of the hypothalamus and anterior pituitary. The feedback inhibition
displayed by cortisol, in theory, could help prevent the dangers associated with
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prolonged cortisol exposure. Figure 2.3 shows the basic hormonal cascade leading
to the release of cortisol.
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Figure 2.3 HoruiOnsl Csscsuc Lesuin^ to Cortiso! PrcuuctiGn auu Regulation. Following input
from the central nervous system, numerous endrocrine tissues and hormones are required to
transmit the message from the hypothalamus to the adrenal cortex to stimulate cortisol production.
Cortisol provides feedback inhibition at various points in the cascade.

Following its release, the majority of cortisol circulates through the blood stream to
its desired targets while bound to plasma proteins, particularly corticosteroid¬
binding globulin. Of the total cortisol released by the adrenal cortex, roughly 90%
circulates in this manner while the other 10% circulates as free cortisol. The
protein binding “likely decreases the metabolic clearance rate of glucocorticoids
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and, because the bound steroid is not biologically active,tends to act as a buffer and
blunt wild fluctuations in cortisol concentration"(Bowen 1).

Metabolic Effects of Cortisol

The understanding of the synthetic and regulatory pathways is of great
importance in order to gain a complete understanding of cortisol; however,the
actual physiological effects cortisol has on the human body are the crucial aspects
on the way to understanding how stress can lead to poor health. The effects of
cortisol can be broken down into two primary categories: metabolic and
immunological. During times of stress,the body's need for available energy
resources increases, and cortisol serves to meet these energy requirements. Just as
the rate of certain bodily processes must increase during stress,the rate of others
decreases, once again allowing for the allocation of energy resources to more
pertinent uses. Cortisol regulates the necessary processes through a series of
various tissue specific mechanisms.

One such way cortisol regulates metabolism is through the stimulation of
gluconeogenesis in hepatoc3d:es,the primary cell type of liver tissue.
Gluconeogenesis, which literally means new formation of sugar,is the metabolic
pathway "which converts pyruvate and related three- and four-carbon compounds
to glucose"(Nelson 552). In the gluconeogenesis pathway,the conversion of
oxaloacetate to phosphoenolpyruvate is the rate-determining step and is carried out
through the activity of the enzyme phosphoenolpyruvate carboxykinase (PEPCK).
Cortisol increases the synthesis of PEPCK in the liver by upregulating the
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transcription of the PEPCK gene, much in the same fashion as the hormone
glucagon, which is released by the pancreas in response to low blood glucose.
Through increasing the S3mthesis of PEPCK,cortisol is increasing the rate of
gluconeogeneis. Glucose "produced in this way is stored in the liver as glycogen or
exported immediately to tissues that need glucose for fuel"(Nelson 929).

Cortisol also functions in protein metabolism by increasing the rate of
protein breakdown. This process primarily occurs in muscle fibers and serves to
release amino acids into the bloodstream,where they may by used by body cells for
synthesis of new proteins or for energy production. The process of converting free
amino acids into usable energy once again occurs through the process of
gluconeogenesis,"where upon stimulation by cortisol, liver cells may convert
certain amino acids or lactic acid to glucose, which neurons and other cells can use
for ATP production"(Tortora 612).

Yet another metabolic function of cortisol is to stimulate lipolysis, the
breakdown of the triacylglycerides(TAGs)stored in adipose tissue. TAGs serve
primarily as a method of energy storage and structurally are composed of glycerol
with three attached fatty acids. Upon the breakdown of TAG,the free fatty acids are
released into the blood stream where they may serve as fuel for other tissues, and
the glycerol is used in the liver for gluconeogenesis. Cortisol accomplishes the
stimulation of lipolysis by once again regulating PEPCK. In this process however,
the transcription of PEPCK is decreased but only in adipocytes. Because PEPCK also
functions in glyceroneogeneis,the re-esterification process by which glycerol is

13

converted to TAG,decreasing PEPCK synthesis will promote lipolysis. During times
oflow blood glucose,“the net effect of these metabolic changes is to restore blood
glucose to its normal level and to increase [liver] glycogen stores,ready to support
the fight-or-flight response commonly associated with stress"(Nelson 929). If blood
glucose levels are already at their normal levels,the overall effect of cortisol is to
mobilize carbohydrate,fat, and protein stores in order to respond to various
stressors.

Immunological Effects of Cortisol

Cortisol not only functions to regulate carbohydrate, protein, and lipid
metabolism, but it plays numerous roles in immunological responses. In general,
cortisol depresses immune responses,and for this reason,“glucocorticoids are
prescribed for organ transplant recipients to retard tissue rejection by the immune
system"(Tortora 612). Cortisol also can be used to slow inflammatory responses,
which it accomplishes by inhibiting white blood cells. Because of these anti
inflammatory effects, glucocorticoids can be useful for treating chronic
inflammatory disorders such as rheumatoid arthritis. The depression ofimmune
and inflammatory responses allows for available energy to be allocated for other
uses during times of stress, and overall, cortisol serves to provide additional glucose
to various tissues in order to produce “a ready source of ATP to combat a range of
stress, including exercise,fasting,fright, temperature extremes, high altitude,
bleeding, infection, surgery,trauma,and disease"(Tortora 612).
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Chapter Summary

Overall, cortisol allows organisms to respond to a wide variety of stressors
through providing energy to various tissues during times of need. The mechanisms
by which this is accomplished are recapped in Table 2.1.

Table 2.1 Acute Metabolic and immunological Effects of Cortisol
Function of Cortisol In:

Net Effect:

Mechanism of Action:

Carbohydrate Metabolism

Increases gluconeogensis
in liver
Increases concentration of
free amino acids available
for energy
Increases the release of
free fatty acids and
glycerol from stored TAG
Overall suppression of the
immune system and
inflammatory responses

Increases transcription of
PEPCK in hepatocytes
Increases the rate of

Protein Metabolism

Lipid Metabolism

Immunological Activity
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protein breakdown in
muscle
Decreases transcription of
PEPCK in adipocytes
Inhibits activity of white
blood cells

Chapter 3

Effects of Long-Term Exposure to Cortisol

In the short-term, cortisol provides beneficial outcomes because of its ability
to provide additional energy in times of stress. The same effects that serve to aid
organisms, however, become harmful when cortisol levels remain high for extended
periods of time. Cortisol levels are naturally at their highest in the morning,and
these levels slowly decline throughout the day. However, when exposed to high
amounts of stressors, these levels may remain elevated throughout the day resulting
in a state of chronic stress and long term exposure to elevated levels of cortisol.
Many of the effects brought on by long term exposure to cortisol culminate into
what has become known as metabolic S3mdrome. Metabolic syndrome "is a
multiplex risk factor that arises from insulin resistance accompanying abnormal
adipose deposition and function"(Wang 1). The syndrome carries with it an
increased risk for various clinical issues such as diabetes, obesity, hypertension,
hyperglycemia, high cholesterol,fatty liver, and some cancers. In addition to the
adverse effects associated with metabolism,cortisol can cause long-term disruption
of the immune system, which can lead to an increased risk for infection and slow
wound healing. Prolonged exposure to cortisol can even lead to severe cognitive
impairments.
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Insulin Resistance as a Result of Cortisol

Insulin is a small peptide hormone secreted by p-cells in the pancreas in
response to high blood glucose, and as a result, signals tissues to "to take up excess
glucose from the blood and convert it to glycogen and triacylglycerols for storage'
(Nelson 922]. The specific effects of insulin vary depending on tissue type. In
muscle and adipose,insulin stimulates glucose uptake and conversion ofthe glucose
to glucose-6-phosphate, and in muscle and the liver, insulin activates glycogen
synthase and inactivates glycogen phosphorylase in order to convert the glucose-6phosphate into glycogen for storage and later use. Insulin also signals adipose to
store any excess fuel as fat. Overall, the metabolic message sent by insulin to bodily
tissues is to stimulate the storage of nutrients. On a transcriptional level,insulin
inhibits transcription of PEPCK. Because PEPCK is necessary for gluconeogenesis,
low levels of PEPCK promote glycolysis to produce pyruvate. The pyruvate can then
be converted into acetyl coenz3mie A, which can in turn be converted into fat In
essence, cortisol serves to counteract many of these effects of insulin.
One of the mechanisms by which cortisol counteracts the effects of insulin is
by decreasing the number of glucose transporters present in the cell membrane,
specifically glucose transporter type 4,or GLUT4. GLUT4 is found in muscle,fat, and
heart tissue and is characterized by its response to insulin. When insulin levels
increase in response to high blood glucose,there is an increase in the rate of glucose
uptake into muscle and adipose tissue. When insulin is at its typical blood level in
between meals,the vast majority of the insulin-induced transporter, GLUT4,is
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sequestered in the membranes of small intracellular vesicles. Upon the release and
subsequent binding of insulin to the membrane bound insulin receptor,the
intracellular vesicles containing GLUT4 move to the plasma membrane "where they
fuse, thus exposing GLUT4 molecules on the outer surface of the cell”(Nelson 394).
The increased exposure of GLUT4 to the extracellular environment increases the
rate of glucose uptake by 15-fold or more. As insulin levels once again return to
normal, most of the GLUT4 molecules are removed from the plasma membrane and
once again are stored in intracellular vesicles. This process is outlined in Figure 3.1.

As previously stated,"exposure to stress levels of cortisol produces
physiological responses such as impairment in insulin stimulated trafficking of
GLUT4 in muscle and fat"(Piroli 1). Experimenters recently found that insulin
stimulated translocation of GLUT4 to the plasma membrane was completely
abolished in cortisol treated rats after one week oftreatment This decreased
movement of GLUT4 to the plasma membrane can become very problematic when
occurring for extended periods of time due to the fact that it results in an abundance
of circulating glucose. In fact, these results demonstrate that "in addition to eliciting
peripheral insulin resistance,short term cortisol administration can bring about
effects that may contribute to the deleterious consequences of
hypercortisolemic/hyperglycemic states observed in t3q)e 2 diabetes"(Piroli 1).
In 2010, estimates indicated that there were approximately 285 million cases
of type 2 diabetes mellitus worldwide,and the number continues to drastically
increase each year. Type 2 diabetes is hallmarked by the development of insulin
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Figure 3.1 Insulin Induced Translocation of GLUT4 to the Plasma Membrane. Intracellular
vesicles containing GLUT4 move to the plasma membrane upon insulin binding to the insulin
receptor, exposing GLUT4 to the extracellular environment.
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resistance,“a state in which more insulin is needed to bring about the same
biological effects produced by a lower amount of insulin in the normal,healthy
state"(Nelson 938). One of the causes of insulin resistance is the fact that insulin
receptors on the cell membrane actually become internalized when exposed to high
insulin levels on a regular basis. Because cortisol inhibits the movement of GLUT4
to the plasma membrane, proper glucose uptake into the cell cannot occur,and
blood glucose levels remain elevated. This chronic state of high blood glucose
results in increased levels of insulin and,therefore, insulin resistance. Due to the
fact that the pancreatic p-cells become overworked producing large quantities of
insulin under such conditions, they become damaged and produce less insulin over
time, and as a result, type 2 diabetes is still treated with regular insulin injections.

Another possible mechanism by which cortisol contributes to the onset of
type 2 diabetes is through its regulation of PEPCK. As stated in Chapter 2,cortisol
stimulates the transcription of PEPCK in order to increase the rate of
gluconeogenesis in hepatic cells. In diabetic individuals,"altered rates of
gluconeogenesis are responsible for increased hepatic glucose output and sustained
hyperglycemia"(Gomez-Valades 1). For this reason, researchers have turned to the
over expression of PEPCK by cortisol as a possible contributor to the onset oftype 2
diabetes and a possible target for therapeutic treatments in diabetic patients.
Experimental findings have shown that inhibiting PEPCK gene expression in mice
resulted in a reduction of plasma glucose by 40%. Prolonged exposure to cortisol
provides a possible source for the over abundance of PEPCK leading to the onset of
type 2 diabetes.
20

Adverse Effects of Cortisol on Fat Deposition

In addition to insulin resistance, the other problem commonly associated
with metabolic syndrome is the abnormal deposition of adipose. Metabolic
syndrome is typified by abdominal obesity, high blood levels ofTAG and low-density
lipoprotein (LDL),and low blood levels of high-density lipoprotein (HDL). As
previously stated, cortisol leads to an increase in the release of fatty acids from
stored TAGs. Following release,“cortisol causes fat accumulation in sites most
commonly associated with insulin resistance, notably in abdominal adipose and also
perhaps in the liver"(Westerbacka 1). This is in contrast with subcutaneous fet,
which is found in adipose tissue just under the epidermis. Cortisol promotes this
visceral fat deposition “by increasing lipoprotein lipase activity in a depot-specific
manner, that is, visceral fat is more responsive to the action of corticosteroids due to
a higher number of corticosteroid receptors"(Siervo 5). The problem with
increased adipose tissue mass is that adipocytes secrete tumor necrosis factor-alpha
(TNF-a] in proportion to the level of adipose tissue. TNF-a disables insulin
receptors in all tissues except adipose tissue. Because of this, adipose still responds
to insulin, and therefore, still receives the signal to store free fatty acids. Such issues
only contribute to the onset of type 2 diabetes by making it extremely difficult for
individuals to lose weight. Another issue arising from this trafficking oflipids is the
increased risk of cardiovascular disease,such as hypertension and heart attack,
which is only compounded by the fact that “cortisol causes vasoconstriction under
stressful conditions to help prevent blood loss"(Tortura 612).
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The Role of Glucocorticoid Receptor in the Development of Metabolic Syndrome

Certain data suggests that the relative expression ofthe glucocorticoid
receptor also contributes to the development of metabolic syndrome. In one
particular study, examination of glucose disposal rate and systolic blood pressure
demonstrated that "at physiological cortisol levels, expression of glucocorticoid
receptor is generally greater in individuals with key features ofthe metabolic
syndrome"(Whorwood 1). The over expression ofglucocorticoid receptor is a
result of various proinflammatory c}^okines,such as interleukin-1 and TNF-a,and
can greatly increase the action of glucocorticoids within the cell. While the levels of
glucocorticoids in the blood are equally important,this could possibly serve as a key
step in metabolic syndrome pathology.
Adverse Immunological Effects of Cortisol

In addition to contributing to the development of many of the symptoms
associated with metabolic syndrome,cortisol can disrupt proper functioning ofthe
immune system. Because cortisol serves to decrease inflammatoiy responses,
"cortisol retards tissue repair, and as a result, slows wound healing"(Tortora 612).
This action of cortisol was demonstrated in a study examining wound healing of
individuals who were caring for relatives with Alzheimer's versus a control group of
similar age and family income. The researchers performed a harmless biopsy
procedure on the individuals and "found that healing of the wounds took
significantly longer in the caregivers (48.7 days versus 39.3 days)"(Carlson 603).
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Cortisol also adversely affects the adaptive immune system through its
effects on T-cell proliferation. T-cells, which aid in cell-mediated immunity,require
certain growth factors in order to proliferate. One of the required growth factors is
the cytokine interleukin-2. In the signaling pathway leading to T-cell proliferation,
interleukin-2 is released by T-lymphocytes in response to interleukin-1. Cortisol
inhibits proliferation of T-cells by causing the interleukin-2 producer T-cells to
become unresponsive to interleukin-1 and unable to synthesize interleukin-2
(Palacios 1). This particular activity of cortisol decreases the bod/s ability to
determine self from non-self and to ward off microbial infection. In fact,"some
gram-negative bacteria have an endotoxin which forces the secretion of ACTH
(Weber 1). The increased secretion of ACTH results in an increased production of
cortisol and further depresses the immune response.
Cognitive and Neurological Effects of Cortisol

Long term exposure to cortisol has come to be associated with severe
"cognitive deficits and can even lead to steroid psychosis, whose symptoms include
profound distractibility, anxiety, insomnia, depression, hallucinations,and
delusions"(Carlson 603). Of the specific brain structures affected by cortisol,the
primary target is the hippocampus, which plays a crucial role in learning and
memory development. Animal studies have shown that long-term exposure to
cortisol destroys hippocampal neurons "by decreasing the entry of glucose and
decreasing the reuptake of glutamate"(Carlson 604). The increased extracellular
glutamate allows calcium, which can kill neurons when present in large amounts,to
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enter the cell through NMDA receptors. Degeneration ofthe neurons ofthe
hippocampus occurs naturally over time and is one of the possible causes ofthe
memory loss that coincides with aging. However,evidence suggests the possibility
that the stressors to which people are subject to throughout their lives increases the
likelihood of memory problems as they grow older. One study "found that elderly
people with elevated blood levels of glucocorticoids learned a maze more slowly
than did those with normal levels"(Carlson 604). Studies have also shown that both
prenatal and early life exposure to cortisol can result in decreased learning and
memory functions later in life by interfering with proper development of the
hippocampus.

Chapter Summary

Overall, exposure to elevated levels of cortisol for extended periods oftime
can result in various adverse health effects. These adverse affects occur throughout
numerous tissues in the body and can result in lifelong impairments. The
mechanisms by which some of these effects are brought about are recapped in Table
3.1.
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Table 3.1 Adverse Effects of Long Term Exposure to Cortisol
Cortisol Contributes to:
Insulin Resistance

Long Term Effect:
Counteracts effects of

Mechanism ofAction:
Inhibits translocation of

insulin ultimately causing
insulin resistance and an
increased risk of

GLUT4 to plasma
membrane and leads to

developing Type 2
diabetes
Improper Fat Deposition

Results in increased
accumulation of visceral
fat which is associated
with increased risk of
developing Type 2
diabetes and
cardiovascular disease

Improper Immune System
Function

Slows wound healing and
diminishes the body's
ability to ward off
infection

Cognitive and
Neurological Decline

Causes damage to
hippocampal neurons
resulting in increased
risks for learning and
memory deficits
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overexpression of PEPCK,
both of which result in
elevated levels of blood
glucose
Increases lipoprotein
lipase activity in visceral
fat due to increased
numbers ofglucocorticoid
receptors present in
visceral fat tissue
Decreases the body's
inflammatory response
and prevents proper
development of T-cells
Decreases entry of glucose
and glutamate reuptake
resulting in increased
calcium concentrations,
which can result in
neuronal death

Chapter 4

Stress Levels in Societies with Hierarchical Structures

Armed with a basic understanding of the role cortisol plays in the bod/s
preparation for a fight-or-flight response and the dangers associated with extended
exposure to elevated levels of cortisol, the focus then turns to the role society plays
in determining an individual's level of stress, or more specifically, the relative
degrees of stress experienced by members of varying social ranks. In any society
with a hierarchical structure, numerous examples of which can be found among
both human and animal populations, members of different social rank do not
experience responsibilities and hardships equally. As far as animal models are
concerned, much of the research on societal stress has focused on different
populations of African baboons. Throughout most of these studies, the idea was that
those individuals lower in rank experienced far greater amounts of stress than those
in the upper tier of the hierarchy. Such a notion would seem to make sense, as these
individuals are far more likely to be passed over in mating opportunities and may
even face a greater struggle in obtaining physiological needs,such as nourishment.
However, recent findings suggest that the exact opposite may be true in that the
highest-ranking individuals possess greater levels of blood cortisol. This finding is
justified by the belief that these individuals must devote a great deal oftime to
maintaining their social rank. The question is not which view is correct, as both are
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supported with significant data, but rather to what degree are these studies
applicable to human populations.

Stress at the Bottom of the Social Hierarchy

Much of the work dealing with stress in societies with hierarchical structures
is based on the findings of Stanford University neuroendocrinologist Robert
Sapolsky, who has spent more than thirty years in the field studying wild African
baboons and how stress affects the health of these baboons. With regards to why
baboons serve as a prime target for examining social stress, Sapolsky states,"that
baboons have diseases that other mammals generally do not have. If you are a
gazelle, you do not have a very complex social life, despite being a social species. It
is not until you get to primates that you get things that look like depression'
(Shwartz 1). As opposed to a gazelle, which often serve as targets for predators,
baboons have a great deal of free time, which is devoted to competition and
attempting to raise one's social rank. Essentially,"primates are super smart and
organized just enough to devote their free time to being miserable to each other and
stressing each other out"(Shwartz 1).

Sapolsky adheres to the belief that the baboons "most susceptible to stress
are low-ranking individuals and Type A individuals, who see stressors that other
animals don't, like having your worst rival taking a nap one hundred yards away
from you"(Shwartz 1). The Type A personality is often characterized as placing
strong importance on social status and as being highly competitive. Obviously, a
low-ranking individual who places a great deal of importance on social rank will be
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subject to increased levels of stress. One study discovered increased levels of
cortisol in primates who were subordinates within their population in addition to
experiencing a lack of social support from others within the group. The results
showed that subordinates possessed a blood cortisol level 80% higher than the
higher ranking individuals, and among those subordinates, the ones lacking social
support displayed a 140% higher blood cortisol level than those who demonstrated
interactions with others within the population. In other words,"a life filled with
frequent stressors, little social support, and few kin produces frequent incidences of
adrenocortical activation"(Abbott 76).

While lower ranking baboons displayed elevated basal cortisol levels, studies
have shown that mere social rank may not be the only explanation for this. It is
apparent that the psychological aspects of predictability and stability also play a
large role in determining one's cortisol levels. In one particular study,Sapolsky
describes an instance where "half a dozen young males form a coalition to oust the
alpha male"(Sapolsky 121). This coup resulted in a society where these half dozen
males served as the dominant individuals within the hierarchy; however, no
dominance was displayed among the small group. The result was months of
instability where "coalitions formed among subgroups of dominant males,the
amount of aggression and the number of interactions meant to test dominance
increased, and ranks shifted constantly"(Sapolsky 121). Throughout this turmoil,
Sapolsky discovered that the individuals who were deemed as being dominant
displayed many of the physiological signs associated with subordinates during
stable times, including elevated basal cortisol levels. The evidence suggests that one
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of the contributors to relative levels of cortisol is the predictability associated with
being at the top of a stable hierarchy.

Further research also exists demonstrating what occurs when the dominant
males, a primary source of stress for the subordinate males,are removed from a
population. During the mid-eighties, a troop that Sapolsky had been studying for
nearly a decade was subjected to an outbreak of tuberculosis. As a result, half of the
males died, and "because of the circumstances of the outbreak, it was more
aggressive males who died, leaving a cohort of atypically unaggressive survivors
(Sapolsky 534). At adolescence, male baboons leave the troop in which they were
raised and integrate into another troop; therefore, a decade later, no males that
were present at the time of the outbreak remained within the troop. Prior to the
tuberculosis outbreak,"subordination was associated with elevated basal levels of
glucocorticoids, as in other species in which subordination entails extensive
stressors and low rates of coping outlets... by contrast, in the mid-nineties.
subordinate males did not have elevated basal glucocorticoid levels"(Sapolsky 536).
These decreased glucocorticoid levels were attributed to decreased exposure to
societal stressors such as fewer acts of aggression and a relaxed social hierarchy.
and the fact that this persisted for a decade suggests that the culture developed after
the outbreak "was being adopted by new males joining the troop"(Sapolsky 534).

The closest resemblance of any of these studies in human models is the
longitudinal examination of British civil servants in what has become known as the
Whitehall study, which was originally set up to examine "the general view that poor
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people got diseases of material deprivation and rich people got heart disease and
peptic ulcers"(Marmot 251). While this may not have been the original intention.
the study has become one of the foremost examinations into the role socioeconomic
status plays in the development of physical and mental illness. Based on over
fifteen years of data, the results of the Whitehall study have confirmed an "inverse
relationship between socioeconomic position and validated chronic heart disease.
diabetes and metabolic syndrome"(Marmot 253). Aspects commonly associated
with being at the bottom of the social hierarchy,such as work related stress, lack of
control in the workplace, and lack of skill utilization, were found to have a strong
positive correlation with predictors of poor health such as absences from work as a
result of sickness, urinary cortisol levels, and heart rate variability. Essentially,
workers in such environments are trapped in a setting where "mental task jobs can
lead to isolation, as workers are assembled in rigid hierarchical structure where a
few individuals have high power,job latitude, and reward, and the majority are left
in unidirectional, narrow roles with small reward/effort ratios"(Siervo 7), and it is
this very setting which can contribute to the onset of stress related conditions.

Stress at the Top of the Social Hierarchy

While the school of thought suggesting individuals of lower social status
experienced a greater amount of stress has been around for decades, recent findings
propose "being at the top of a social hierarchy may be more costly than previously
thought"(DiUlio 1). Based on a 2011 publication by Princeton researchers, new
data shows that within wild baboon populations, the alpha-males actually display
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higher blood cortisol levels than that of their subordinates. While even Sapolsky
argues that the alpha-males experience increased levels of cortisol during times of
unpredictability, this particular study states that this persists even through stable
periods. The researchers argue that the elevated levels of stress experienced by the
higher-ranking baboons can be attributed to the maintenance of their social
position. Because they are at the top of the hierarchy, they must devote a greater
amount of energy to defending their rank and guarding their female mates.

Overall, researchers found that "glucocorticoid concentrations increased
with declining rank, with the striking exception of alpha males, who exhibited
higher levels of these stress hormones than predicted from the linear pattern across
ranks"(Gesquiere 359]. The glucocorticoid levels of the alpha males were more
similar to individuals at the bottom of the social hierarchy than the beta males
directly below them in ranking, revealing that being at the top of the hierarchy may
be more stressful than being in the second tier. Also of interest is the fact that in
certain primate species, the alpha males were found to display higher levels of
parasites, possibly due to the role glucocorticoids play in suppression of the
immune response. Despite the fact that alpha males and lower ranking males
display similar levels of glucocorticoids, the researchers suggest that the sources of
stress for these two classes may be different In particular,"a major source of stress
for alpha males seems to be high levels of agonistic and mating activities. In
contrast, males in the lower part of the hierarchy are likely to experience energetic
costs associated with limited access to resources"(Gesquiere 359). Ultimately, the
collective data examining glucocorticoid levels in societies with hierarchical
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structures suggests the possibility of a reverse bell curve, with the lower ranking
individuals and the alpha males exhibiting the highest cortisol levels.
Applvlog^tke Data to Human Societies

Attempting to translate animal studies to human models must always be
done with extreme caution. However, the researchers performing the previously
mentioned studies on stress in baboon populations cite numerous reasons for
optimism that the results could provide various insights into human behavior. One
such reason, as stated by Gesquiere, is because “baboons are not only genetically
closely related to humans, but like humans they live in highly complex societies
(DiUlio 1). All of the studies mentioned focused on the social interactions between
individual baboons as a source of stress, and while not fighting for dominance in the
same manner as baboons, social interactions and the sense of a social hierarchy no
doubt cause stress in the lives of many people. Sapolsky acknowledges the
importance of discovering ways to cope with stress. In the case of baboons, this is
often accomplished through venting one's frustration through aggression toward a
subordinate, and as a result, increasing the stress level of the subordinate. Baboons
that failed to discover an outlet for their aggression demonstrated similar basal
cortisol levels of the lower ranking males. In similar fashion:

Studies of human subjects too have shown that a sense of control and
outlets for distress are beneficial to physiology. For instance, in one classic
study parents whose children had cancer were shown to have elevated
cortisol levels. The amount of elevation varied, however,depending on
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parents' coping lifestyle. Far lower cortisol levels were found in parents who
had psychological defenses against anxiety, including religious faith, an
ability to deny the seriousness of the child’s illness, or a tendency to displace
anxiety by becoming engrossed in the details of caring for the child
(Sapolsky 123).

For both humans and animals, the stress one experiences is often socially generated.
and as a result,"we've essentially evolved smart enough to make ourselves sick
(Shwartz 1).
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Chapter 5

Linking Stress to Public Health Discrepancies in

It is a well-known fact that Mississippi ranks near the bottom,and quite
often, last, in numerous public health categories year after year. Many of the health
categories in which Mississippi ranks last, such as obesity and diabetes, are
associated with metabolic syndrome, which cortisol has been shown to contribute
to as previously discussed. Data from 2011 showed that just over one third of
Mississippi's population suffers from obesity while two thirds of the population is
classified as being overweight. While numerous southern states exhibit this trend of
increasing obesity, the question of why Mississippi continues to reside on the
bottom rung of public health must be asked. When approached from a historical
standpoint,the surrounding states of Arkansas,Alabama,Louisiana,and Tennessee
all share similar cultural backgrounds and periods of racial tension,so why have
these states not experienced these health issues to the extent that Mississippi has?
Recent studies have found that the association between metabolic syndrome and
race varied by sex. Twenty-five percent of African American males met the criteria
for metabolic syndrome compared with 37% of white males,but"African American
females were 1.5 times more likely to meet the criteria for metabolic syndrome than
white females"(Ervin 4). According to the 2012 Statistical Abstract,39.4% of
African American families earned less than $30,000 annually as compared to 20.4%
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of white households and 37.2% of Hispanic households. Upon closer examination,
certain trends begin to appear which could possibly serve to make Mississippi
unique with regards to the amount of stress experienced by its residents and help
explain the connection between race, poverty,and the extreme number of cases of
metabolic syndrome seen across the state.

Sources of 3t.r_ess for Mississioni Residents: Income and Education

For many families and individuals, not only in Mississippi but also all across
the United States, socioeconomic factors such as income and education serve as a
source of psychosocial stress. However,these factors would likely lead to higher
amounts of stress in Mississippi than any other state since Mississippi has more
residents living below the poverty level than any other state. The fact that
Mississippi has continued to rank at the bottom of nearly all categories dealing with
income becomes a serious consideration when faced with the reality that the
poorest regions of the state are also the most obese. For instance,"in Holmes
County, nearly half the residents live in poverty. And not only is it the state's
poorest county,it's also the heaviest Four out of ten people in Holmes County are
obese” (Elliott 1). The state of poverty that plagues Mississippi no doubt can lead to
a very stressful lifestyle.
The connection between stress and concerns over one's income is well
documented. Recent studies have demonstrated the connection between
socioeconomic status, which encompasses both income and education,and basal
levels of cortisol. The results of one particular study found that lower
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socioeconomic status is associated with higher levels of cortisol, and these
associations were independent of race, age, gender, or body mass"(Cohen 414).
These results should be of particular interest to Mississippi residents due to the fact
that Mississippi ranks last in both income and educational categories. The increased
levels of cortisol shown to be associated with lower economic status could
contribute to the diabetes and obesity epidemics seen in Mississippi through the
mechanisms discussed in previous chapters. Overall,"this data may be viewed as
biological verification that increasing socioeconomic status is associated with
decreasing psychophysiologic distress. They also provide plausibility for the
argument that some of the socioeconomic status associations with disease may be
mediated by differential levels of stress hormones"(Cohen 419).

As hinted at already, a strong link exists between income and education.
According to the 2012 Statistical Abstract,80.4% of Mississippians are high school
graduates, but only 19.4% have earned a bachelor's degree or higher, which ranks
the state 48'^*’, with only Arkansas and West Virginia having a lower percentage. The
degree to which higher education can improve one's earning ability and job options
cannot be understated with regards to stress. A 2010 survey revealed that 73% of
workers ages 20-64 reported experiencing some amount of stress, and among these
workers,37% reported experiencing high levels of stress. While some of these
highly stressed workers cited their job itself as the source of stress, many pointed to
income as the primary cause for unease. The workers "whose high level of stress
was mainly due to financial concerns were much less likely than the worked-stress
to have a postsecondary education and were twice as likely to have a lower income
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[Crompton 1). In Mississippi, where 70% of workers are considered to be in bluecollar jobs, the relatively low percentage of tlie population possessing bachelor’s
degrees should result in an increased level of the work and income related stress
experienced by workers in this survey. The importance of this issue is only
increased when faced with the fact that blue-collar jobs have been disappearing
across the United States in recent years, potentially leaving large portions of
Mississippi's blue-collar workforce unemployed.

Sources of Stress for Mississippi Residents: Access to Healthcare

Stress resulting from poor access to healthcare is difficult to examine
quantitatively due to the fact that many of the poor health outcomes generally
associated with stress could very well be a result of the lack of healthcare itself.
However,seeing as how Mississippi ranks last in quality healthcare determinants
such as infant mortality, cardiovascular deaths, and premature deaths while also
ranking 48* in preventable hospitalizations, the lack of healthcare experienced by
many residents could easily contribute to the amount of psychosocial stress in their
lives.

Much of the same trends seen with regards to income are once again seen
with regards to healthcare access, whc'l'C lliC areas of Mississippi suffering the most
from diabetes and obesity are also the most medically undersei'ved. One of the
primary causes of this lack of healthcare access is the shortage of primary care and
preventative medicine in Mississippi. According to Statehealthfacts.org, as of 2011,
31.4% of Mississippi’s population lives in primary care shortage areas, once again
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the most of any state and significantly higher than the national average of 11.2%. In
fact, as of 2007,one county in Mississippi,Issaquena County, had zero licensed
physicians, nurse practitioners, and hospital beds. The price of healthcare also
contributes to this as 20.9% of Mississippi residents reported not seeing a physician
in the past twelve months due to cost While it is true that many states across the
South have rural areas lacking in primary care,these states also have larger and
more numerous urban areas than those found in Mississippi. In Arkansas there is
Little Rock; in Alabama there are Montgomery, Mobile,and Birmingham; in
Tennessee there are Memphis, Nashville, Knoxville,and Chattanooga; and in
Louisiana there are New Orleans, Baton Rouge,and Shreveport These urban areas
provide greater accessibility to healthcare resources than those found in
Mississippi, where the only major urban areas are primarily located around Jackson,
along the Gulf Coast,and the areas bordering Memphis. While for many,it is not an
issue to travel to these areas for specialized medical care, but for those living in
poverty and those who cited cost as reason for not seeking routine medical
attention, these areas might as well be located across the country.
Yet another key factor in this discussion is the topic of minority access to
healthcare. Numerous studies have attempted to examine the perception of racism
in the patient-physician relationship. A national survey of 3,884 adults of 18 years
or older, including 1,479 whites, 1,189 African Americans,and 983 Latinos, revealed
that"among African Americans in the survey, only 22% preferred an African
American physician, while 65% had no racial preference, and among Latinos 34o^
preferred a Latino physician, while 47% had no preference"(Chen 140). However
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the alarming fact is that African Americans who preferred and received care from an
African American physician were three times more likely to rate their physician as
excellent than African Americans receiving care from non-African American
physicians. The possibility exists that “patients with strong racial preferences who
are in race-discordant relationships may trust their physicians less,be less likely to
follow their physicians' recommendations,may not understand their physician,and
may be less likely to develop an otherwise therapeutic relationship"[Chen 1A2), In
addition to physician racial preference,the notion of one's trust in healthcare
providers also plays a role in minority access to healthcare. Additional surveys have
shown that African American patients are far less likely to trust their physicians
than white patients. African American respondents “were also more likely than
their white counterparts to express concerns about personal privacy and the
occurrence of harmful experiments in hospitals"[Boulware 362). Considering the
history of racial discrimination in medical research,such as theTuskegee syphilis
studies and the case of Henrietta Lacks,this lack of trust may not be completely
unfounded. Overall,the relationship between physicians and minority patients is
something that must be strengthened if Mississippi ever hopes to overcome its
current metabolic syndrome epidemic.

Sourjies of Stress in Mississippi: Societal Prejudice

Another source of stress that affects many individuals is that of societal
prejudices, whether it is based on race,ethnicity, gender,sexual orientation,or
other issues. Sadly, Mississippi, and most of the southern states,has a well-
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documented history of racial discrimination. Recent studies have attempted to
quantify the effect of perceived discrimination on varying cortisol levels between
whites and African Americans. As expected African Americans reported
experiencing higher levels of perceived discrimination,and the “findings surest
that African Americans tend to have a lower waking cortisol level and a flatter
diurnal cortisol slope than whites"(Fuller-Rowell 115). The flatter diurnal slope
seen in African Americans is considered to be linked to chronic stress and poor
health outcomes. Under normal conditions,cortisol levels are attheir peak in the
morning and gradually decline throughout the day,but even though African
Americans displayed lower cortisol levels than whites immediately after waking,
African Americans did not experience the same decline in cortisol levels as seen in
whites as the day progressed, which results in a constant state of elevated cortisol
levels typical of chronic stress. One of the difficulties with this study lies in the
interpretation of perceived stress,seeing as how what one individual sees as
discrimination may not appear to be discriminatory to another. However,when
“participants were asked to indicate the main reason for discrimination,
approximately 90% of African Americans reported that race was the main reason
for instances of discrimination reported in the questionnaire,while only 3% of
white participants reported experiencing discrimination due to race”(Fuller-Rowell
110).
Unfortunately,the psychosocial stress associated with racial discrimination
is not limited to adults. Children of minorities are also exposed to racial
discrimination, which can lead to adverse health effects even in childhood. African
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American and Latino youth,"particularly males,are mostlikely to report negative
encounters with adults in the educational system,shopkeepers who accuse them of
stealing, and negative interactions with the police while African American females
are more likely than other girls to report exposure to racism”(Sanders-Phillips
5178). The effects of stress as a result of racial discrimination can adversely affect
children both psychologically and physiologically. Psychologically,racial
discrimination can result in damage to children’s sense of self-efficacy,cause
depression and anger,and has even been linked to possible increases in risk-taking
and unhealthy behaviors. Physiologically,"internalized racism in African American
children aged 14 to 16 years was associated with waist circumference in girls but
not boys and predicted body fat distribution and insulin resistance independent of
age,income, birth weight, physical activity, and family history of diabetes”(SandersPhillips 5180).

Why is Mississippi Unhealthier than Surrounding^States?

Overall,the reason for Mississippi ranking last in the number of health
categories it does cannot be attributed to any one factor,but rather it is the
culmination of a number of different aspects of the lifestyle seen in the state.
However,the possible link between the stress experienced by Mississippians and
the health discrepancies seen in the state is there. While the surrounding states also
experience many of the same health problems and stressors seen in Mississippi,
they are not displayed to the same extent Seeing as how Mississippi ranks last in
poverty and education and has the largest minority population percentage of any
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state, it would seem likely that the stressors described in this chapter would be
more prevalent in Mississippi than any other state, possibly serving as one of the
reasons why Mississippi continues to rank last in the previously mentioned health
categories.
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Chapter 6
Differences in Stress Between the United States and France

While Mississippi is statistically the unhealthiest state in the United States,
the country as a whole also displays problems with issues such as obesity and
diabetes. According to the World Health Organization, the United States ranks as
the world's ninth most overweight country, with 74.1% of the country's adult
population being overweight. France, on the other hand, with 40.1% of the adult
population being overweight, ranks 128^. Likewise,the same trend is seen in
diabetes, with 10.27% of the United States population ages 20 to 79 having been
diagnosed with diabetes as compared to only 6.72% in France. The question then
becomes why the two countries display these differences in categories pertaining to
metabolic syndrome and public health despite the fact that they are both developed
nations with similar social structures, governments,and degree offreedom. In the
1980s, French epidemiologists formulated what became known as the French
paradox in response to "the observation of low coronary heart disease death rates
despite high intake of dietary cholesterol and saturated fat"(Ferrieres 107).
Researchers on the subject of the French paradox examined obvious lifestyle
aspects of French culture, such as diet and activity levels; however,the possible role
stress plays in this phenomenon has been overlooked. Stress, and therefore cortisol
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could be contributing more to health discrepancies between the two nations more
so than previously thought
Differences in Healthcare Between the United States and France

Needless to say, with the number of Americans living without health
insurance climbing over 50 million,the American healthcare system is in serious
need of reform, but the question must be asked whether or not the French system is
any more accessible. In the 2007 documentary Sicko,director,writer,and producer
Michael Moore depicts a near utopian French healthcare system. While Moore
lumps the French system with the truly socialized systems of Canada and the United
Kingdom,the French system actually consists of both public and private financing.
However,even with this break from pure socialized medicine,France came in first
while the United States came in thirty-seventh in a 2007 ranking of healthcare
systems by the World Health Organization. According to Kerry Capell in a 2007
edition of Businessweek,France has a 3.1% lower infant mortality rate,two years
longer average life expectancy,far more doctors per capita,and,as already
discussed,far lower occurrences of diabetes and heart disease than the United
States. Seeing as how the French government is currently battling severe inflation
in healthcare costs,it is obvious that the system is not without its flaws,but65% of
French citizens are satisfied with their system while only 40% of American citizens
are satisfied. The French system "is based on a widely held value that the healthy
should pay for the care of the sick where everyone has access to the same basic

44

coverage through national insurance funds,to which every employer and employee
contributes, while the government picks up the tab for the unemployed"(Capell 1).

For those in poverty, covering medical costs can take a large portion of any
earned wages, possibly resulting in huge amounts of stress in one's life. The French
system surely helps to alleviate some of this stress by drastically reducing this
burden. Many individuals living in poverty are quite often the very ones suffering
from chronic diseases, and under the French system,"the sicker you get, the less you
pay with chronic diseases, such as diabetes, and critical surgeries [being]
reimbursed 100%"(Capell 2]. However,in the United States, this same level of
healthcare service is not as available to the population as it is under the French
system. A new study found that "bankruptcy rates are nearly twice as high among
cancer patients one year after their diagnosis as among the general population,
and...on average, bankruptcy rates increased 4-fold within 5 years of diagnosis"
(Nelson 1).

For many,especially those living in poverty, healthcare spending takes a back
seat to providing food and other essential resources for a family. During times of
emergency may be the only time some individuals actively seek medical attention,
and obtaining preventative medicine is more or less an afterthought, only adding to
the problems experienced by these individuals struggling to acquire healthcare later
on. Under the French system, receiving preventative medicine is made more
accessible through resources such as Protection Maternelle et Infantile (PMI),a
widespread network of healthcare providers whose sole purpose is to provide
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expectant mothers and young children with preventive care. PMI institutions are
often located in the poorest of areas like Goutte d'Or, a Parisian neighborhood
composed primarily of African and Asian immigrants. Mothers"even receive
Financial incentive for attending their pre- and post-natal visits, but when parents
fail to bring their children in for regular checkups,social workers are dispatched to
the family home” [Capell 1). It goes without saying that this availability of
healthcare lifts a huge weight off the backs of French citizens while the lack of
availability only adds to stress in ±e lives of millions of Americans.

Differences in Parental Leave Policies in the United States and France

The birth of a child is often one of the happiest moments in the lives of many
individuals, but for some,this time of extreme elation is also a time of increased
stress as the economic and time demands of childcare set in. For others,the stress
of separation from one’s child as the parent returns to work may be the most
difficult stressor to cope with. In the United States, the Family and Medical Leave
Act(FMLA]established the requirements employers must grant their employees
regarding unpaid parental leave with job protection, but"due to the exclusion of
small employers and short-tenure workers,about 40% of U.S. workers are not
eligible for the FMLA"(Ray 1). Of the 60% of workers who are eligible for FMLA,
"only about one fourth of U.S. employers offer fully paid maternity related leave of
any duration, and one fifth of U.S. employers offer no maternity related leave of any
kind, paid or unpaid”(Ray 1).
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France, on the other hand,offers one ofthe most generous parental leave
policies in the world. Based on a 2008 report,a two-parent household in France is
granted 22 weeks of fully paid parental leave while receiving up to an additional
296 weeks of job-protected unpaid leave. These numbers stand in stark contrast to
the United States where a two-parent household receives 24 weeks ofjob-protected
unpaid leave and receives no guarantee regarding paid leave. These totals "reflect
the combined legal entitlements for both mothers and fathers, under the
assumption that both parents take all available leave"[Ray 6). The University of
Mississippi follows the policy outlined in the FMLA,which entitles employees up to
twelve weeks of job-protected unpaid leave in a twelve-month period,and if both
spouses are university employees,then the combined parental leave may not exceed
twelve weeks in a twelve-month period. The availability of paid leave is a key factor
in the different policies seen in the United States and France,especially for those in
lower income families, as they often cannot afford time away from work. "According
to a 2000 Department of Labor survey,over a 22 month period in 1999 and 2000,
3.5 million people in the United States needed leave for family or medical reasons
but did not take it; almost 80% ofthose who did not take leave said they could not
afford to do so"[Ray 7).
Differences in Structure ofthe Professional/Working Environments
As described in Chapter 5, many individuals credit a great deal ofthe stress
they experience to their jobs, and this work related stress does not disappear across
international lines. However,the French working environment does afford
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employees certain benefits not seen in the United States,and one such benefit is the
length of vacation time. In France,the law states "full-time workers are guaranteed
at least five weeks vacation,and on top of the five weeks,there are another dozen
public holidays"(Leung 1). The vacation time experienced by French workers is
drastically different from that of American workers where"workers employed for a
year or more receive, on average,8.9 days of vacation. After ten years of
employment workers receive just over three weeks of vacation. Vacation leave
approaches four weeks after twenty-five years of service"(Allegretto 1]. As noted
by Sapolsky, cortisol levels vary significantly with the availability of outlets for
coping with stress.

Another difference between the professional structures in the two countries
is that of the workweek and workday themselves. As of 2010,134 countries had
established laws setting the maximum length ofthe workweek,but that is not the
case in the United States. In 2000,the French passed a law establishing "a maximum
35-hour work week,with no paid overtime allowed"(Leung 1]; however,
amendments have been made allowing for increased working hours in response to
problems with unemployment. According to the International Labor Organization
"Americans work 499 more hours per year than French workers"(Miller 1). No
doubt, numerous individuals find a great deal ofjoy in their work,but for many,
work leads to more stress which in turn can lead to an increased risk for future
health problems.
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Chapter 7
Conclusion

Based on the available information,it is obvious that the issue of cortisol
presents a double-edged sword. This particular glucocorticoid is necessary to help
individuals respond to unexpected threats. However,the chronic stress experienced
by many leads to the onset of the adverse effects of cortisol as previously described.
The bottom line is "if you plan to get stressed like a normal mammal,you had better
turn on the stress response or else you are dead. But if you get chronically,
psychosocially stressed,like a Westernized human,then you are more at risk for
heart disease and some of the other leading causes of death in Westernized life'
(Shwartz 1].

The animal studies targeting stress and cortisol levels throughout societies
with hierarchical structures have shown that stress is not distributed evenly
throughout all echelons of society. The importance of understanding the effects of
these varying levels of social stress cannot be understated when faced with the fact
that nearly all modern societies exhibit some characteristics of social hierarchies,
whether they be as clearly established as the hierarchy in the Whitehall study or
merely perceived and projected onto individuals along socioeconomic lines, and this
importance is only amplified when faced with the sheer volume of health problems
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being brought on by the stress members of society place on one another. Between
1980 and 2005,"the prevalence of obesity tripled from 8% to 22%. Over the same
period of time energy expenditure due to physical activity has not declined and
caloric intake has not increased"(Siervo 8). In the same time span,there has been a
drastic increase in the opportunity and methods for social interactions,and
therefore, an increase in the opportunities to increase the amount of social stress in
each other’s lives.

The correlation between the prevalence of the symptoms associated with
metabolic syndrome and the sheer number of common psychosocial stressors
present in Mississippi provides the interesting possibility that stress could be
contributing to these health problems to a greater extent than previously thought.
However,one of the possible shortcomings of this document is the fact that many of
the included studies are correlational in nature, making it impossible to definitively
determine causal relationships. For example,the idea that the stress associated
with not having proper access to healthcare leads to an increase in disorders
associated with stress could likely be contributed to the lack of proper healthcare
itself. Also, as previously stated, the frequency of metabolic syndrome seen in both
Mississippi and the United States cannot be contributed to only one factor.
Numerous other factors, such as improper diet, play equally large roles. However,
while this thesis is largely hypothetical in nature,the information displayed here
demonstrates the need for continued and future studies into the world of
psychosocial stress and the ways in which it affects the health of all individuals.
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